chloromethane are produced during the chlorination of drinking and cooling waters. High concentrations of these compounds are found around seawater-cooled powerplants and can locally effect concentrations in the troposphere [Rook, 1974; Bellar et al., 1974; Helz and Hsu, 1978; Fogelqvist and Krysell, 1991; Quack, 1994] . Photolysis seems to be the major atmospheric sink for the brominated and iodated compounds [Penkett et al., 1985 In the following we present the concentrations of the five halocarbons, tetrachloroethene, trichloroethene, tribromomethane, dibromochloromethane, and bromodichloromethane, in these air masses. We relate their distribution pattern to synoptic meteorological conditions, interpret the differences of halocarbon concentrations, examine the possible sources for these compounds, and discuss relationships between the substances.
Materials and Methods

Collection of Air Samples
Air samples were collected on board R/V SONNE from an extendable platform on the bow of the ship to prevent any of the ship's influence while sampling approximately 15 m above the sea surface. Sampling was active only when the ship was underway and the wind direction was within + 60 ø of the bow. The airborne organic compounds were concentrated on adsorbents, sealed, cooled, and transported to the laboratory. After thermal desorption they were separated with HRGC and detected by ECD. The analytical procedure is shown in Figure   1 .
Adsorbent glass tubes containing Tenax © GR were rinsed
with methanol and pentane, heated to 300øC for 12 hours in a flow of high-purity nitrogen, flame-sealed, and kept in the dark until sampling. For collection of air samples, 4-20 L of air (an average of 10 L) were pumped with a diaphragm pump (SKC, model 224-PCXR 7) at a rate of 40-70 ml/min through two precleaned adsorption tubes which were connected in series in order to check for breakthrough of the collected substances. Airflow was measured by a mass flowmeter. For more details of the procedure and references, see Quack [1994] . During the ship's transit, 53 sampling intervals totaling 80 samples were taken, including duplicate and cumulative samples to examine the analytical precision. After sampling; the tubes were again flame-sealed, carried in dry ice to the shore-based laboratory, kept at -70øC, and analyzed within 2 months after collection. 
Analysis of Halocarbons
The compounds were thermally desorbed from the adsorbent with high-purity helium at 40ø-230øC under back-flush conditions onto a trap cooled with liquid nitrogen and then analyzed. High-resolution separation with temperature programming was performed on two coupled capillary columns of different polarity (50 m CP SIL © 5CB, 50 m CP SIL © 19CB; Chrompack). The electron-absorbing compounds were detected with an electron capture detector. Standard substances were injected to ascertain identity and retention times of the compounds. Under these conditions most bromocarbons, bromochlorocarbons and chlorocarbons in the air samples could be separated fi'om other compounds. A typical chromatogram is shown in Figure 2 . Quantification was achieved using calibration with external standard solutions (purity >99%; Supelco) of different concentrations in pentane.
Sampling and analytical precision were tested by replicate analysis of these standard solutions and by the analysis of duplicate samples. Standards were run every day between measurement of the samples to account for the drift in sensitivity of the detector. The detection limit was less than 0.1 parts per trillion by volume (pptv) (1-2 pg per compound of absolute mass) for most of the substances, and the precision was within 10-20% pptv for the halocarbons. The concentrations measured were between 0.02 and 140 pptv. Quantiffcation was possible only for compounds with retention times larger than that of dibromomethane (Number 38 in Figure  2 ). Compounds with smaller retention times could not be quantified using this method because of considerable breakthrough. For compounds with retention times larger than that of 1-iodopentane (Number 83 in Figure 2) , artifacts, contamination, and desorption caused some problems in quantiffcation. This was shown with duplicate and cumulative samples. The target compounds quantified and reported here did not show significant artifacts or losses. With the analytical system used here, nonpolar organic compounds at the boiling point range of 90 ø-160øC were analyzed with the above precision.
Experiment
Sampling Area
During the cruise of R/V SONNE 97/3 of September 1-16, 1994, air samples were taken between 43øN, 150øE and 4øN, 113øE, close to the Asian continent along the system of the western boundary currents of the North Pacific Ocean. Figure  3 shows the ship's track, the sampling intervals (midpoint) and the integrated wind direction and wind speed during the sampling periods. For some sampling intervals during very low wind speeds the integrated wind direction yields only a rough idea of the origin of the air mass (Figures 3 and 4) . the ocean off' northern Japan. The same pattern of compounds, however, with changing abundances and ratios, was observed in each air sample collected during the cruise. Here oa is for all samples, and ob is for sample groups A and C-G, which excludes the highly contaminated sample group B; pptv, parts per trillion by volume. tions more than 5 times higher than those of the corresponding bromochlorocompounds. Concentrations ranged from 0.38 to 10.67 pptv. Average concentrations for the sample groups ranged from 0.6 (group E) to 1.12 pptv (group G). High concentrations were measured in Tokyo Bay (group B: 3.86 pptv) and an overall average mixing ratio of 1.2 pptv and a median value of 0.92 pptv were observed. Tribromomethane as well as other brominated trace gases were more evenly distributed throughout the marine atmosphere of the western Pacific than were chlorinated anthropogenic compounds. The standard deviation of the substances given in Table 2 
